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Abstract 
This paper is dedicated to explore the dynamic performance of energy efficiency in Africa, with panel data in country 
level, taking energy yield,  power consumption, electricity transmission and distribution losses into account, the paper 
employ stochastic frontier mode,highlighting a dummy variable in energy output in terms of net imports of energy 
and power, which minify the deviation of estimated variables. The results show that returns of scale did not appear in 
energy and power industry in Africa, electricity transmission and distribution losses contribute most to GDP per unit 
of energy. In country level, Republic of Congo and Botswana suggest an obvious energy efficiency advantage. 
Energy efficiency in Mozambique and  Democratic Republic of Congo are not very satisfying during the studying 
year. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords--Energy and Power; Translog Stochastic Frontier Production function; Efficiency potential 
1. Introduction 
We focus this paper on energy utilization efficiency .We begin this paper with the definition of energy 
efficiency.The World Energy Council defined energy efficiency as the reduction of energy input with 
outputs increase. Bosseboeuf (1997) expands the traditional definition in two ways, economic energy 
efficiency means that same or less energy input can obtain more outputs or better quality of life;In 
technically way,energy efficiency refers to the specific reduction in energy use as a result of technological 
progress and improvement in energy management. Patterson(1996) classified the indicators of energy 
efficiency into four categories, thermodynamics indicator, physics - heat index, economy - heat index and 
pure economic indicators.Qinyi Wang(2005) classfied indicators of energy efficiency to economic and 
physical indicator. However, there are two kinds of problem yield in these indicators.One is about energy 
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input:how to merge heterogeneous energy input in statistics? What kind of idicators can we use unify the 
total energy input?Common indicators of energy productivity is merely a measure of the proportional 
relationship between single element of energy  and economic output,neglecting the other inputs, such as 
the impact of labor and capital,nor considering the substitution and complementery between labor, energy 
and capital,nor the impact of energy structure changes to the efficiency. On the problem of energy output, 
there is no consistent measurement methods of energy output , nor accurat conversion indicators of GDP 
in different countries. Moreover,there is no consensus on whether the environmental pollution generated 
in GDP production should be included in output or not. 
Commonly used indicators of energy efficiency, energy intensity and energy productivity, did not 
consider the price or structure of the factors, but energy prices, structural changes in energy,elasticity of 
substitution among energy, labor, capital , industrial structure and foreign trade,could have a strong effect 
on energy consumption intensity, but these factors are not necessarily reflected in energy efficiency 
indicators. 
Total factor productivity framework defined technical efficiency of factor energy, offsetting the defect 
of traditional energy in which only considering single-factor productivity, describing the inter-
relationship of a number of elements in the production course. 
Boyd & Pang (2000)compared energy efficiency among different states of USA; Onut & 
Soner(2006)measured the energy efficiency of the construction industry in Turkey; Hu & 
Wang(2006)estimates relative energy efficiency of various provinces in China.Hu & Kao(2007)measured 
energy efficiency and thus estimated energy potential of the Asia-Pacific Economic Cooperation 
organizations during 1991-2000. Wei & Shen(2008)take advantege of the data from 96 countries (regions) 
of the world during the year of 1980-2003 to measure the technical efficiency.Nevertherness the existing 
literature on energy efficiency in south of saharan Africa is very limited, most of the research make use of 
data envelope analysis(DEA) method,different from previous literature we  apply stochastic frontier 
analysis(SFA) in this paper to figur out what is the situation of Botswana's energy efficiency when 
compared with other African countries? What has caused the difference of energy efficiency among 
countries in Africa? 
2. Body of Paper 
2.1  Stochastic frontier model and decomposition of total factor productivity 
(1) Frontier production function 
Productive efficiency manifested in performance that the actual output is getting closer to or far away 
from the production-possibility frontier when technology and factor inputs are fixed at a given level. We 
measure the specific productivity in terms of technical progress and technical efficiency, economies of 
scale and efficiency of resource allocation.TE is specified by means of the largest vertical distance 
between actual output and production-possibility frontier outputs when technology and the scale of factor 
inputs are given. Frontier production function is a specific measurement of productive efficiency who 
idcates the production possibility frontier, the greater distance,the lower efficiency. 
In general, the stochastic frontier production function is assumed as˖
( , ) exp( )it jit ity f x t u                                  (1) 
Where ity is service output of sector i  in period t ; ( )f  is certainty border of the production possibility 
frontier which also interpreted as the existing technical conditions. itx is factor input vectors,time trend 
term t is used to measure technological progress. 0itu t is technical inefficiency 
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term, exp( )it itTE u  denotes the distance between the actual output and production frontier generated by 
productivity. 
The technology function ( )f  in logarithms linear form is˖
ln ( , )it it itf x t x vE                                                    (2) 
Where E is the estimated coefficient, itv is the random disturbance. substituted (2) into(1)we get: 
ln ln ( , )it it it it it ity f x t u x v uE                             (3) 
(2) Decomposition of total factor productivity 
Here we define technology change(TC) as the log form of frontier fuction changes over time at a given 
input level,  
ln ( , )it itTC f x t t w w                                                         (4) 
Technical efficiency change(TEC) is defined as changes in technology over time,  
lnit it itTEC TE t u t w w  w w       (5) 
Therefore, productivity change can be described as:  
ln it it ity t TC TECw w                                                        (6) 
mathematically j jjTFP y s x
x x x
¦                                         (7) 
ijs are efficiency of factor inputs. Total-differentiate (1) and together with (6)subsititute them into (7)we 
get(8): 
( )j j jjTFP TC TEC s xH
x x
¦     ( 1) ( ) jj jjTC TEC RTS s xO
x
¦        (8) 
where ln ( ) lnj jf xH  w  w defined the output elasticity of factor j. we compare jjRTS H¦  with 1 to 
measure economies of scale˗ j j j jj RTSO H H H¦   is the relative output elasticity of elements j in the 
frontier production function. Hence we decomposite total factor productivity into four parts: Technology 
progress (TC), Technical efficiency change (TEC), economies of scale(ES), and Efficiency of resource 
allocation(ERA).
(3) Stochastic frontier model in Translog from 
Translog stochastic frontier production function is assumed to be time-varying: 
2 2
0 1 2 1 2 3 11ln ln ln ln (ln )it it it it itY t t y c l yD D D E E E E       
2 2
22 33 12 13(ln ) (ln ) (ln ln ) (ln ln )it it it it it itc l y c y lE E E E   
2 2
22 33 12 13 23 4 1(ln ) (ln ) (ln ln ) (ln ln ) (ln ln )it it it it it it it itc l y c y l c l DE E E E E E    
2
33 12 13 23(ln ) (ln ln ) (ln ln ) (ln ln )it it it it it it itl y c y l c lE E E E     ( )it itv u                                            (9) 
exp[ ( )]it i it iu u u t TK K                                          (10) 
Where 1D is used to measure the speed of technological progress, K  indicates characteristics of invalid 
changes in technology, the random variable itu of technical inefficiency is increasing, stable or decreasing 
over time.We install one dummy variable in production, 1D . 1D =1 means net energy and power 
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import,under net export condition 1D =0; ( )it itv u is random disturbance which consists of two 
parts, 2~ (0, )it vv N V  denotes random error variable, which is noises caused by uncontrollable factors in the 
system, 2~ ( , )itu N P V
 indicate technical inefficiency items which obeys a normal distribution of non-
negative tails, itv is independent of itu .
The Parameters determined by (9)(10) can be estimated by Maximum likelihood estimation method. For 
simplification, we define 2 2 2u v uJ V V V  . J is the proportion of technology invalid item of random 
disturbances in regression equation. (0,1)J  . 0J o shows the largest gap between actual output and 
potential output due to uncontrollable random factors, stochastic frontier model is 
unnecessary. 1J o Shows that technological mainly arise from technical inefficiency, stochastic frontier 
model used properly, in particular, 1J  shows that the stochastic frontier model is a deterministic where 
random shocks is absence.
2.2 data sources and variable  
(1)data sources 
We use panel data of Africa from 1997 to 2006, owing to the availability of the data, we choose 19 
countries:Angola, Democratic Republic of the Congo, Kenya, Mozambique, Sudan,South 
Africa,Senegal,Republic of Congo,Ghana, Namibia,Tanzania,Cameroon,Ethiopia,Botswana,The Ivory 
Coast,Gabon,Nigeria,Zambia and Togo. All data come from The World Bank, World Power and Energy. 
(2) variables 
Output Y: Output Y is measured by output in terms of GDP per unit energy comsumption in 
international dollars in current prices. 
Variable y, energy yield  
Variable c, power consumption, calculated by 1000 tons standard petroleum 
Variable l, electricity transmission and distribution losses  
(3) Empirical results and implications 
With Frontier 4.1calculation software, we can get estimated results of the stochastic frontier model (9) 
which are shown in Table(1). The z-statistic indicates that all the explanatory variables are significantly 
influential. 0.7221J   indicating that 72.21% of the error in frontier production function are from 
technical factors variables, so we can concluded that the SFA model is a reliable function of power and 
energy efficiency.
Except for the intercept term, other variable coefficient are statistical significant at the climacteric value 
level of 5% . the time trend coefficient of translog frontier production function is negative, signifying a 
technical degradation in energy efficiency of Afican countries, the reason may lies in the fact that 
technology used is not easy to change, some technical energy inputs lead to technical inefficiencies which 
contributes to stagnation in power and energy. Parameter 0K ! means that the random variable of technical 
inefficiency itu diminishes over time, suggesting ultimate degradation of technology tends to disappear. 
Three parameters estimated are 0.1459, -0.1431, 0.5183, 1jjRTS H¦  not showing any economies of 
scale in energy and power industry. Statistical indicators show that factor coefficient are positively 
correlated with invalid technology term, energy yield for every 1% increase will enable around 14.59 
percent GDP per unit energy,one unit power consumption will degrade 14.31% GDP per unit Enzergy, 
electricity transmission and distribution losses contribute most to energy efficiency. 
Here we further examined the convergence of TE coefficient in Botswana to explore potential of 
energy efficiency, by means of calculating the variation coefficient from 1997 to 2006. Convergence 
characteristics are shown in  figure (2).Obviously, during  1997-2006, discrepancy in TE coefficient is 
increasing year by year, which imply a huge potential in energy efficiency.In 1997,TE coefficient was 
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0.311,which was doubled in 2002 and came to 1.035.From the coefficient in  figure (3), Republic of 
Congo has the highest efficiency,followed by Namibia (0.85), Botswana (0.812),which consistent with 
the sequence of figure (4), the figure in Zambia(0.197) and Mozambique(0.276) are not very attractive. 
3. Concluding remarks  
The study utilize the panel data of 19 countries from 1997 to 2006,taking energy yield, energy 
consumption,electricity transmission and distribution losses into account, employing stochastic frontier 
mode with one dummy which minify the deviation of estimated variables to examine the efficiency of 
power and energgy in Africa. Empirical results show that energy imports will decrease GDP per 
energy,but this effects are not very obvious. In general, energy efficiency in African countries are 
improving, in spite of the huge difference in energy exploiting,utilizing,research and development 
technologies.Besides,the paper confirms the fact that fast developing countries are also have high energy 
efficiency.
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Table I. The Final mle estimates 
Explai
nary








beta 0       0.2151  0.1008  0.2132 
capital      0.1459  0.56667  0.2576
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laborforce   -0.1431  0.4962   -
0.2884 
energy      0.5183  0.5223  0.9925 
capital squared  0.3701  0.1654  
0.2238 
labor squared   0.4296  0.1469  
0.2925 
energy squared  -0.8127  0.1059 -
0.7677 
capital*labor  -0.3229  0.1212  -
0.2662 
capital* energy  -0.7941  0.9286 -
0.8551 
labor* energy   0.7515  0.1145  
0.6562 
dummy1     -0.1017  0.3848  -
0.2644 
 time        -0.6427  0.2076  -0.3096








  eta  
0.28646989E-01 0.10086498E-
01 0.28401324E+01 
log likelihood function =  -
0.53329402E+03 
LR test of the one-sided error =   
0.86660296E+02 
with number of restrictions = 3 
     
     
     
Figure 1. Energy Efficiency Trend 
Table 2. Output per unit of energy consumed by GDP,PPP method[USD/Kg of Standard  petroleum] 
[countries] 1997 1998 1999 2000 2001 2002 2003 2004
2200
2006 
Angola 3.79 4.16 4.06 4.08 4.1 4.61 4.59 5.1 6.16 7.15 
D. Republic 
of Congo 0.9 0.88 0.84 0.78 0.76 0.78 0.82 0.87 0.94 1 
Kenya 2.35 2.33 2.36 2.37 2.53 2.59 2.61 2.63 2.79 2.94 
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y ( )
Mozambique 0.98 1.08 1.16 1.13 1.23 1.34 1.38 1.48 1.63 1.77 
Sudan 2.67 2.84 2.61 3.04 3.15 3.14 3.26 3.34 3.58 4.02 
South Africa 2.42 2.42 2.51 2.62 2.81 3.08 2.89 2.85 3.12 3.34 
Senegal 4.8 4.84 4.99 4.84 4.89 5.02 5.52 5.6 5.99 6.38 
Benin 2.76 2.94 2.99 3.76 3.79 3.76 3.77 3.85 3.99 3.92 
Republic of 
Congo 10.17 10.48 10.82 10.1 9.79 10.68 9.72 9.95 9.81 10.86 
Ghana 2.15 2.16 2.2 2.29 2.36 2.44 2.58 2.83 2.94 3.02 
Namibia 6.49 6.53 7.14 7.3 6.8 6.99 7.1 7.62 7.62 8.11 
Tanzania 1.93 1.91 1.88 1.92 1.96 2 2.02 2.06 2.1 2.14 
Cameroon 3.64 3.76 3.96 4.05 4.27 4.43 4.55 4.74 5 5.24 
Ethiopia 1.57 1.48 1.55 1.63 1.74 1.76 1.71 1.94 2.18 2.42 
Botswana 7.4 7.31 7.75 8.27 8.86 9.08 10.07 11.28 11.7 12.03 
The Ivory 
Coast 4.13 4.39 3.8 3.87 4.12 3.87 4.11 4.14 3.83 4.28 
Gabon 9.87 9.67 9.21 9.39 9.39 9.32 9.61 9.91 9.89 10.21 
Nigeria 1.65 1.72 1.73 1.8 1.84 1.84 2.02 2.25 2.33 2.55 
Zambia 1.41 1.38 1.43 1.48 1.54 1.57 1.66 1.76 1.86 1.98 
Eritrea 2.28 3.61 3.52 3.1 3.18 3.59 3.04 3.6 3.71 4.14 
Togo 1.99 1.83 1.71 1.73 1.77 1.82 1.79 1.87 1.91 2.06 
           From World Bank database 
